Abstract -This article presents empirical evidence on the determinants of the space heating technology applied by a household. Considering the increasing attention on efficient use of energy, it becomes vitally important to understand the energy-related behavior of households. Three sets of variables are examined as potential influences -building , socio-economic, and regional characteristics. To highlight both the differences and similarities, the results are obtained from a sample of house owners, and from a sample including all households. The influence of socio-economic factors is similar across these groups -income in particular exerts a minor impact on the system choice. Differences between East and West Germany strongly influence which heating system is utilized. This effect is even more pronounced when considering the sample with all households. The heating modes preferred in East Germany still reflect patterns induced by GDR policies. Regional differentiation of policy measures appears meaningful to suit the heterogeneity of households.
Introduction
Households assign a sizable and in recent years increasing portion of their budgets to the direct consumption of energy within their homes. About three-quarters of energy consumed for residential housing is devoted to space heating in temperate climate zones.
a Deutsches Institut für Wirtschaftsforschung (DIW) Berlin Mohrenstraße 58 10117 Berlin, Germany. e-mail: fbraun@diw.de Space heating frequently involves the combustion of fossil fuels, a process emitting pollutants as fine particular matters or NO x , and moreover carbon dioxide (Greening et al., 2001 ; Kerkhoff et al., 2009 ). Concerns for air quality or climate change have put the energy-heating context on the policy agenda. Measures imposing building standards or emission limits have so far been largely successful in tackling air pollutants. Realizing in addition the notable energy savings potentials is a promising and at the same time cost-effective mean toward a sustainable energy future. Space heat is (largely) a non-market good; its generation can be conceptualized to occur within a household production setting using systems as oil-fired boilers and the respective fuels as variable inputs. The amount of energy consumed does not only depend on the technical efficiency of the system, but likewise on household behavior or tastes for thermostat settings, safety or amenity (Weber and Perrels, 2000) . Such characteristics can moreover be expected to influence the type of heating technology applied by a household. A variety of systems or even combinations of these -such as oil and solid fuel heatingsare commonly applied by households (Reilly and Shankle, 1988) . Households are a rather disparate group in this regard; the type of space heating and its intensity of use vary largely. An examination of the determinants of heating technology at the micro-level can therefore greatly enlarge our understanding of individual energy behavior. It can contribute to a careful design of policies aimed at curbing residential energy consumption or lowering its fossil fuel intensity. This study examines the determinants of the type of heating technology used by households. Data stem from a large representative household survey -the German SocioEconomic Panel -from the year 2003. Within the sample seven heating modes can be identified, among others oil-fired, district and combinations of several heating modes. Three different groups of factors are supposed to influence the mode of space heating applied by German households. First, dwelling characteristics such as house type or construction period may necessitate certain technologies. Second, socio-economic variables, for example household income or education level, are hypothesized to determine the mode of space heating. Third, regional variables are introduced to control for differences between urban areas or countryside, and between east or west Germany. The empirical analysis uses a multinomial logit approach; it allows to disentangle the direction and magnitude of different factors on the probability of applying one of the heating modes. The household-level literature on energy demand has been extended over the recent decades, but it is still considerably sparse compared to time-series studies (Madlener, 1996) . A seminal contribution is the discrete-continuous approach of Dubin and McFadden (1984) for U.S. household data. They simultaneously model the choice of electric appliances and the induced energy consumption; following this method, they avoid a bias arising from unobserved factors influencing both appliance choice and its intensity of use. So far, studies following this approach have been conducted for the U.S. (Liao and Chang, 2002) or Norway (Nesbakken, 1999 and Vaage, 2000) . For Germany, micro-level studies only on energy demand exist (Rehdanz, 2007; Schuler et al., 2000) . They, however, apply a different method than outlined above or applied in this article. The present article differs in several ways from prior work. It is the first focusing only on the determinants of the type of heating technology. In the light of the durability of the heating appliances, it is worthwhile to explore the determinants of heating type in great detail. Different from this, earlier contributions have primarily focused on the derivation of elasticities within the continuous part (Dubin McFadden, 1984; Vaage, 2000; Nesbakken, 1999) . Second, a novel contribution of this article is to consider both a sample of, first, only house owners and, second, a sample of home owners and renters. It hence allows to examine differences and similarities across these population groups. Earlier work has either used a sample of home owners and renters or a sample of owners only. Furthermore the data -in contrast to prior studies such as Vaage (2000) -have the advantage of covering households with central heatings and a large set of technologies such as gas-fired appliances. The paper proceeds as follows: the following Section provides an overview of the literature on residential energy use. Section 3 introduces the empirical approach, a multinomial logit, and the data for the empirical analyses. Results will be presented and discussed in Section 4. Last Section 5 concludes.
Background
Consumption of energy differs markedly from the consumption of other goods. A household does not demand energy per se, but services as lightning or mobility. Their generation occurs within a household production setting by using the heating equipment as capital input and fuel as variable inputs. The resulting energy service outputs can be supposed to directly enter a household's utility function. The household production concept has been prominently put forward by Becker (1965) and Lancaster (1966) and has found frequent consideration in the energy literature (Madlener, 1996) . In the short run, households can be expected to be hesitant to retrofit these fixed capital inputs due to the longevity and high costs of the systems. Temporary or minor fuel price or weather changes may thus only be a negligible incentive for exchanging the heating system. Germany's location in central Europe clearly necessitates space heating. Interestingly, a variety of heating types such as oil, gas, distric etc. heating exist in the residential sector (see Section 3). The efficiency standards of German houses and heating systems are in general relatively high due to ever stricter efficiency policies since late 1970s (OECD/IEA, 2007).
2 Germany's large size and substantial share of European total energy consumption make it an interesting and relevant for the study of energy attitudes and behaviour of households. Particularly the design of residential efficiency policies can be expected to benefit from empirical insights about household behavior or about the responsiveness of different subgroups such as families or the elderly to policy or price incentives.
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Research on energy consumption has generally received widespread interest; two major lines of research for the residential sector can be distinguished along the aggregation level. 4 The majority takes an aggregate perspective by relying on time-series data and methods. 5 A drawback is the derivation of uniform price and income elasticities. Such results are often perceived as unsatisfactory in the presence of heterogeneity of consumer behavior or preferences (Baker et al., 1989) . Hence to shed more light on the variation of behavior across different household subgroups researchers have also suggested micro-data approaches over the recent decades. A pioneering contribution in this regard is by Dubin and McFadden (1984) who endogenize the choice of appliance stock when modeling energy demand. Their study of U.S. electricity demand uses a two-stage set-up; for the first stage they apply a discrete choice model for factors influencing the selection of appliances, followed subsequently by a continuous regression of the conditional energy demand on explanatory variables like household size. 6 As a consequence, they avoid the potential bias resulting from unobserved factors determining both the appliance choice and its intensity 2 Early efficiency policies date back to the Energy Conservation Act from 1976. New buildings were obliged to meet up to a specified coefficient of heat transmission which has been regularly updated to reflect the current state of technology. The Energy Saving Ordinance, successor of the Energy Conservation Act, has been enacted in 2002 and further amended within the context of the Integrated Energy and Climate Package in 2007 (BMU, 2007) . Within the package, the amended Energy Saving Ordinance obliges a gradual removal of night storage heaters and stricter retrofitting obligations for residential buildings. The complementary 700 million Euro Modernization Program was introduced to support modernizations with investment grants or preferential loans. Moreover, heating in new buildings should no longer rely on fossil fuels in the long run.
of use.
7
Further research following this discrete-continuous method are Yoo et al. (2007) for Korea, Liao and Chang (2002) for the U.S. and for Norway Nesbakken (1999) and Vaage (2000) . Both Nesbakken (1999) and Vaage (2000) rely on household-specific variables to explain the choice of appliances, whereas Yoo et al. (2007) use a logit model to control for sample selection bias due to non-response. Notably, Vaage (2000) is one of the few contributions including several fuel types and combinations of heating types. Baker et al. (1989) apply a different method and model the allocation of U.K. consumers' budget on gas and electricity conditional on the durable heating appliances ownership. Their findings refute the concept of uniform price and income elasticities. The income elasticities for both fuels are found to be positive at the mean of the data, but negative for around one third of sample members. The own price elasticities are likewise varying across household subgroups, with the highest price sensitivity for gas obtained among households with young children or lower income. Contributions exploring residential energy behavior for Germany are sparse and moreover focus on a different research question by investigating the continuous energy demand and not determinants of the type of appliances used. An early study for west Germany in 1988 is Schuler et al. (2000) . It explores the effect of household characteristics on the usage intensity for different energy types. The expected energy use is then computed conditional on building and heating system features, for example efficiency rates. This predicted consumption is subsequently related to household-level variables like family size. Results show a negligible effect for most variables, only income and household size are significant. A more recent paper for Germany, Rehdanz (2007) , uses the same data source as this study, the Socio-Economic Panel. It adresses, however, a different research question and analyzes the conditional demand (measured by energy expenditure) for a given stock of heating appliances. Results provide intuitive insights; households with either many or elderly members tend to consume more energy -comparable to households living in relatively old buildings. Income elasticities are found to be positive, but, interestingly, are not significant for east Germany. There is evidence for a strong effect of the heating type on expenditures, with oil heatings particularly associated with low energy expenditures. The heating technology enters via a dummy, an approach problematic, as also Vaage (2000) notes, when unobserved heterogeneity influences both the appliance choice and energy demand.
Remarkably, all these studies have either used a sample of the full population (Liao and Chang (2002) , Nesbakken (1999) , Vaage (2000) or a subsample of owners (Rehdanz (2007) , Baker and Blundell (1991) ). This article is the first to present results for a discrete choice model when both a sample of owners and renters and a sample of owners only is used. For the sample design see Section 3.
Model and Data

Model Description
The modeling approach aims to disentangle the determinants of the type of space heating applied by a household. A household is assumed to face a set of several unordered alternatives -the heating technologies. This set of alternatives serves as the dependent variable in the empirical analysis. Unordered choice models can be motivated by a random utility framework. A household i, i=1,. . . ,n, chooses from a finite set of alternatives, j=1,. . . ,m. The utility of alternative j is
where x i are the explanatory variables like income, β j unknown coefficients, and ij the error term. Household j is observed to have chosen alternative j, when the utility from alternative j is greatest among all other alternatives. When the explanatory variables are characteristics of the households, for example income or family structure, and errors assumed to be type I extreme value identically and independently distributed across alternatives j and households i, the multinomial logit model results. 10 The probability 8 Note that the combinations of several heating types, "oil and solid" and "gas and solid", are each understood as a unique or single category. In line with prior contributions, such as Vaage (2000), households are supposed to make a single choice for the combination"oil and solid" or "gas and solid" heating. Multiple heating types are accordingly assumed to represent a single category and not a combination of two other categories. 9 The data contain only information about the type of heating system currently installed. Similar to Baker and Blundell (1991) "choice" is hence understood as ownership or availability rather than the actual purchase decision.
10 A related, but from a modeling perspective not identical, research question is to explore how choicespecific attributes influence the selection of heating appliances. To this end, extensive data about the age, efficiency standard or costs of the selected and all other alternatives at the time of purchase are for individual i for appliance alternative j is then as follows
The effects of explanatory variables on the probability of applying heating technology j differ for each alternative. Parameters of the model are obtained by maximum likelihood estimation.
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Interpretation of MNL coefficient estimates is not immediately obvious due to the nonlinearity of the MNL. Magnitude as well as sign of a coefficient can not be straightforwardly interpreted as the marginal effect of a variable x i on the dependent variable P ij . The marginal effect is given by:
It is evident that the marginal effect does not only depend on the coefficient estimate β j itself, but also on all other coefficient estimates and variables. An important assumption of the MNL is the independence from irrelevant alternatives (IIA); it states that the ratio of the probabilities for choosing any two alternatives is independent from the presence of any other alternative:
This property follows from the assumptions of independently distributed disturbances. The Hausman specification test can be used in order to examine the validity of this assumption (Hausman and McFadden, 1984) . The idea is as follows, if the IIA holds in a sample, then omitting a subset of alternatives which is truly irrelevant will not change the remaining parameters in a statistically significant way.
required to complement the existing data. Representative survey data meeting these requirements is not readily available. 11 The advantage of the MNL is a closed form for the probabilities and a globally concave likelihood function. An alternative is the multinomial probit assuming normally distributed errors. It is computationally very demanding when more than 4 categories are involved. For details see e.g. Maddala and Flores-Lagunes (2001).
Data Description
The empirical analyses is based on household-level data from the German Socio-Economic Panel (SOEP) for the year 2003. 12 The SOEP is a representative longitudinal dataset.
Its surveys are annually conducted since 1984; they cover issues as earnings, employment history, family composition and living conditions (for an overview see Wagner et al. (2007)). Importantly, the 2003 survey has a topical module detailing the energy behavior of households. It addresses the technology currently used for space heating, warm water generation, cooking or lighting as well as the energy expenditures for the particular purpose and technology.
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An important aspect is the ownership status of a household. 14 Previous studies have defined their sample differently in this regard. Some studies as Rehdanz (2007) (2000) include both home owners and renters. It can be argued that unobserved factors influencing the type of tenure chosen also influence the selection of heating technology and accordingly both types need to be included. When a household is looking for a home to be rented, the mode of heating can be supposed to be part of the decision-making process. In that sense a household does not only actively decide to rent a flat, but also consciously decides for the heating facility attached with that unit. This paper is the first to present evidence based on both groups. It allows to compare similarities and differences across these population groups. An owner of a flat in an apartment block shares the heating facility with others and can therefore not be supposed to decide on its own about the heating type. Accordingly, all renters and moreover owners of flats have been excluded. The share of owners within the (full) sample is 54.12%. Among this group of owners 57.7% own a detached house, 27.2% a rowhouse and 15.0% a flat. The latter, as described above, are excluded from the subsample of owners. For summary statistics of the sample of owners of detached or row houses see Table 1 or Table 4 for the 12 To obtain all relevant variables for the year 2003, however, some information from prior waves were used. Such is the case for constructing the dwelling type variable. The type of dwelling is only declared by a household in its first interview or whenever it has moved. 13 In line with the housing demand literature (see e.g. Borsch-Supan et al. (2001)), the consumption of housing -or space heating in this analysis -can not be meaningfully approximated by the purchase of the house or equipment alone, but rather represents an investment that regularly supplies housing or heating services. The research question thus rather relates on which appliances to occupy, than on the actual purchase.
14 The data exclude households in student halls, residential homes, hospitals, military bases or farms.
full population sample. The subsequent discussion of describtive statistics relates only to the sample of house owners. In the sample -as is usually the case with house owners -no households are found who live in dwellings within a soical housing scheme. The majority of the owner-occupied houses has a central or a self-contained central heating installed, in the sample about 97.0%. Different types, including combinations of systems, are observed in the sample of house owners as follows: households using exclusively gas-fired (44.5%), oil-fired (35.8%), district (1.4%), electric (4.0%) or solid fuel-fired heating systems (2.2%) (see Table 1 ). In addition multiple or auxiliary heating systems exist, prominently the combination oil and solid heating (7.7%) and gas and solid heating (4.5%). The dependent variable is hence the space heating mode as categorized by these seven types. 15 In line with prior research, such as Vaage (2000), these multiple heating modes are explicitly included. The survey asks households for the type of system used for the purpose of heating; nevertheless it may be possible that the dual heating category also comprises open fire places though they are usually not installed for heating purposes, but for lifestyle or amenity reasons. With rising fuel prices -especially relative to the price of firewood or briquette -German households have increasingly purchased wood stoves over the recent years. These devices are explicitly installed to flexibly support the regular heating systems and to save the fuel costs of the latter. The dual heating modes can therefore be supposed to have a heating purpose. Section 4 will also examine the validity of the categorization of the dependent variable.
Factors at different levels can be hypothesized to influence the choice of the heating system. First of all, characteristics of the dwelling such as its age necessitate specific technologies. Household characteristics may imply certain lifestyles and tastes regarding amenity or safety and determine the affordability of a heating system. Lastly regional variables are introduced. Apart from the close technical link between housing and heating, it is important to properly account for demographic effects. To this end characteristics of the home occupants are added to the set of regressors. In addition the number of household members, Mem, is considered to control for size effects linked to the structure of the household. The average household in the sample contains 2.8 members. The average years of education, Educ, for all household members who have completed their education so far is included. A higher education level can be supposed to be associated with higher environmental awareness and in particular higher ability to properly gauge costs. One can argue in line with the household production theory that costs of "home production" of energy grow with the larger opportunity costs of well-educated households. The time-consuming preparation of fuel wood and operation of wood stoves is accordingly less favorable for this group. A very important characteristic governing household behavior is income. Here the net income of all household members, Inc, in thousand Euros is used. Average household income (in thousand Euros) is 38.6, with -as can be expected -a large standard deviation (S.D.: 23.9). Unfortunately, no information about the age of the heating system, insulation standard or further energetic variables are reported by the SOEP. Yet the variable Ren denotes if the heating system has been renovated within the last 5 years. The variable accounts for the relatively young age of the system, but also reflects attitudes of the household such as environmental or cost awareness. Correlation with the household income is however low (0.039), indicating that the financial situation may not serve as a relevant constraint for retrofits. Nonetheless, renovation rate is low -only 2.8% -have renovated the heating system recently. The analysis also includes regional variables to account for the divide between east and west Germany, for example the different national city planning policies or energy strategies before reunification. In the sample 20.6% of households are living in east Berlin or east Germany, indicated by the dummy East. In addition, it is meaningful to control if a household is located in rural areas. It can be supposed to obtain firewood more easily and cheaper and to be less constrained with respect to storage capacity for fuels like oil, wood or briquette. In the sample 13.2% of households are settled more than 60 kilometres from the nearest major city centre, denoted by Rural. These regional variables reflect climatic differences only to a minor extent. In order to do so, a more refined regional classification up to the community or even single house level should be followed. Then it would be possible to account for micro-climatic conditions, such as intensity of solar expositions, which influence the heating requirements of a building to a large degree. Such detail is beyond the scope of the data. Other studies such as Vaage (2000) or Rehdanz (2007) do not dispose of such detailed data either. Overall, this study comprises a broad set of variables compared to the empirical work of Nesbakken (1999) or Vaage (2000) . 16 
Results and discussion
Coefficient estimates from multinomial logit models are expressed in terms of probability of outcome j relative to a referent group k. Gas-fired heating is used as the referent group. 17 Exponentiating a coefficient provides the relative risk ratio (rrr); it illustrates how a unitary change in an explanatory variable influences the risk of falling in an outcome group j compared to the risk of falling in the referent group k. 18 Discussion of results is primarily based on marginal effects as shown by Table 3 . Marginal effects are more straightforward to interpret as they do not rely on this relative interpretation outlined above. They rather show how a one unit change in one of the regressors affects the predicted probability of being in one category leaving the other variables constant.
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Whenever conducive, interpretation is complemented by relative risk ratios to illustrate the dynamics among the different heating equipments.
Results for house owners
House characteristics can be expected to strongly influence energy requirements as well as the ease of installation and operation of space heating. Empirical evidence in Table 2 and 3 generally supports this, however, one notable exception is electric heating. Here neither vintage class nor house type significantly affect the electric mode. This can be explained by the specific properties of electric heating. It is the most flexible category 16 Several alternative model specification have been examined to obatain robust results. Age, gender and marital status, which are commonly used in the housing literature, were not significant. Inclusion of either number of children, number of rooms or floor size have each posed multicollinearity problems due to high correlation with the number of household members. 17 It is important to note that coefficients appear different whenever the reference category is changed, but the predicted probability of outcome j will always be identical regardless of the reference category chosen. 18 Recall that both rrr and coefficients depend on the size and sign of all other variables due to the non-linearity of the model. 19 Marginal effects are computed by averaging the individual marginal effect across all observations (see e.g. Greene, 2000) . To correctly interpret estimates, recall that the base group are buildings from the era 1949-1990 and detached houses.
within the study as it solely needs a power network connection, but has no further requirements concerning the building itself such as space for boilers or storage. On the contrary, Vaage (2000) identifies a high likelihood for electric heating in apartment blocks and new buildings for Norway. Nonetheless, as confirmed by a Wald test, dwelling variables are a crucial determinant of the type of space heating. 20 The year of construction significantly affects the probability for some, but not all, appliance categories across households. For a household in a pre-1948 house, the probability to own an oil heating is by 0.099 lower than for an otherwise equivalent household (see Table 3 ). Being located in a building from before 1948 on the other hand significantly raises the probability for a gas heating by 0.001 and for the "gas and solid" type by 0.020. A consideration of the relative risk ratios is worthwhile given the major share of the oil or gas heating modes. The relative risk ratio of oil compared to gas is 0.614 for a dwelling from before 1948 (see Table 2 ). To clarify further, living in such a house -than in one from 1949 to 1980 -makes it less likely to prefer oil to gas. If instead a household was to live in a recently built house, Yr03, compared to 1949-1980, it can be expected to be even far less likely to rely on an oil than on a gas heating (rrr: 0.300). This shift may relate to the oil crises of 1973 and 1979; the experience of oil price increases and concerns of reliability of supply might have negatively affected the inclination for oil-fired heatings from 1980 onwards. For a similar observation and interpretation see Vaage (2000) . In line with expectation, the building type is found to exert a significant impact on the type of heating preferred by a household. Marginal effects in Table 3 show that a household located in a row house -compared to a detached house -has a by 0.134 lower probability for an oil heating and a by 0.188 higher likelihood for gas. Row negatively affects the likelihood for a solid heating. This finding may reflect that this house type is typically built as settlements of row houses. Distance to neighbors is low and nuisance from odors and particle pollutants may pose a problem. Likewise plot size and hence storage for wood or briquettes is limited. Living in a row houses also negatively affects the category district heating (M.E. -0.023). It reflects that district heatings are more common for buildings with multiple units than for single family homes. The variable Ren reflects structural attributes of the house, for example its energetic standard, as well as behavioral attitudes of its inhabitants such as environmental awareness or preference for amenity. Marginal effects in Table 3 assess a diverging and strong influence on the large categories oil and gas. Households with renovated heatings, are more likely to use a gas heating than their non-renovated counterparts (M.E. 0.127). Yet the probability for oil heating is substantially lowered by 0.153 units if renovation has occured. In relative risk terms, if two households were identical, a retrofit would make it 2.375 times more likely to own a gas than an oil heating (see Table 2 ). 21 As supported also by the effect of Yr03, there is strong evidence for a shift of households from oil to gas fired heatings over time. Socio-economic factors can be supposed to shed further light on the apparent diversity of heating technologies applied. For the case of income, this hypothesis is generally supported, but the influence is not strong (Table 3) . Income significantly affects the probability for a oil, gas, solid and "oil and solid" system. The marginal effect of income is positive for gas, but negative for oil, solid, and "oil and solid". As intuition suggests, richer households tend not to use the (time-consuming) solid or "oil and solid" heating systems. The size of the effect is not particularly large for any category; for example an increase by one unit, i.e. thousand Euros, increases the likelihood for using a gas heating by only 0.001. The influence income on the likelihood of other heating categories is even smaller. Interestingly, no significant or only a negative effect is found with respect to the dual heating categories. The hypothesis of these types as a luxury or lifestyle attribute, for example due to the presence of open fireplaces, is not affirmed here. Studies conducted so far support the preference for solid heating among low income households, but also report a significant preference for electric heating by richer households (Vaage, 2000) . Nesbakken (1999) reports an overall negligible effect of household income on the heating mode.
Household size shapes the heating requirements for example via the number of rooms requiring heating. 22 Other things equal, an additional member increases the likelihood for the dual system "oil and solid" by 0.011 and respectively by 0.008 for the "gas and solid" mode (Table 3 ). This finding points to the flexibility of these multiple heatings. Stoves are easily installed and are far less costly than major changes in heating facilities as oil heatings. They offer the option to flexibly adjust the main space heating mode, for example to heat an additional or not frequently used room when family size changes. The household size Mem on the other hand negatively affects both oil and gas heatings, however only the effect on gas is significant (M.E. -0.018). Turning to the education level, it is evident that a higher educated household has a lower likelihood to prefer an electric heating (M.E. -0.003). Such a household may be more aware of the relatively high costs of this mode and thus avoids the installation of this heating type or dwellings heating with it. Furthermore the average household education level and the application of oil and "oil and solid" are negatively associated. One can argue here that costs of "home production" of energy by these modes are relatively high due to the larger opportunity costs of well-educated households.
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The last set of factors are the regional variables. They control for the divide between eastern and western Germany and between metropolitan and rural areas. Marginal effects provide evidence that a household living in a rural area has a higher inclination to opt for combining oil and solid systems. For such a household it is first of all less costly and cumbersome to obtain firewood; local air quality and emission standard regulations are less strict and space for a storage is typically less constrained. Rural does not significantly influence the mode solid or "gas and solid", suggesting that the effect from the rural divide is less pronounced or clear-cut as supposed before. 24 We observe a west-east divide for gas and oil heatings; an east German household has a clearly lower probability of heating with oil (M.E. -0.055) and a higher probability for a gas system than its western counterpart (M.E. 0.079). The influence of East on solid heating is significantly negative. These differences can be clarified by reverting to the historic development. The GDR actively promoted district heating for new buildings, mostly based on power stations fired with domestic lignite, and city gas, produced by gasification of lignite. Its oil imports stemmed from the USSR and were primarily allocated to the industry or sold for foreign currency; scaling down its usage for heating was actively pursued within the energy strategy (see Hansen, 1996) . Many elderly buildings were heated with lignite. After reunification the district heating infrastructure was maintained, but town gas substituted for natural gas. Still a similar pattern is observed today.
To examine robustness and quality of the empirical approach, I reverted to several tests. When using multinomial logit it is important to be aware of the fundamental IIA assumption (see Section 3). The Hausman test does not provide any conflicting evidence; the independence of irrelevant alternatives is not rejected for our sample. It is furthermore explored if the categorization of heating technologies is meaningful or if the model quality can be improved by rearranging them. One could for example hypothesize that a dual category like "oil and solid" could be simply matched to the mode "oil heating". If any 23 Again following the household production theory (see Becker, 1965) , we can also explain the positive likelihood for gas among well-educated households with the relative ease of these technologies. Fewer inspections and long-run contracts with suppliers make gas heatings less time-intensive than other modes of household space heat generation. The effect is yet not significant for "gas and solid", it can be only speculated that this positive opportunity cost effect and the negative one associated with operating a solid fuel system offset each other. 24 Power stations are typically settled close to cities or industrial agglomerations. Accordingly, the variable Rural is found to negatively relate to the propensity for a district heating (M.E. -0.008).
two outcome are effectively indistinguishable, then the model quality will indeed improve by combining them in one group (Long and Freese, 2003) . This property can be tested by re-estimating a restricted model where two outcomes have been merged and then employing a LR-test between the full and restricted model. All possible recombinations have been tested; no indication for rearranging categories is found. 25 
Results for owners and renters
Key insights from the analysis of the full population sample are that socio-economic variables, particularly income, have a very similar effect on the probability for a certain heating type. Remarkably, both the dwelling variables and the regional variable denoting location in east Germany have a more pronounced influence for certain categories; the direction of influence however remains largely the same. Similar to the case of house owners, a shift to gas is observed in recent times. Households in newly erected homes have a relatively stronger likelihood or inclination to gas than oil (see Table 6 ). 26 Particularly location in a dwelling from the most recent period, Yr03, exerts a much stronger effect than found for the other sample. The marginal effect of Yr03 is large and positive for gas (M.E. 0.208), but negative for oil (M.E. -0.150). Both are remarkably larger than for the case of house owners. At the same time buildings from 1991 to 2003 are far less likely to be heated with an electric system. The role of renovation is comparable to that in the other sample. 27 A household with a recently renovated system shows a higher inclination for gas (M.E. 0.153) and a lower one for an oil heating (M.E. -0.107).
Note that an additional dwelling type has been introduced in order to control for apartment blocks Apt. Location in such a building -compared to a detached house -is associated with a lower likelihood for oil. A similar influence is found for the row house variable. The other major category, gas, is not significantly affected by dwelling type. The dwelling type plays a role for the electric heating category -in contrast to the case of house owners. Both Apt and Row decrease the probability for electric heatings. Turning to the socio-economic variables it is clearly evident that the size and direction of their influence is very similar to what was observed in the house owner sample. The variable household income, Inc, again exerts only a small, but significant, impact on the 25 Due to the large number of test statistics the results of these tests are not included in the study. They are available upon request. 26 Recall that detached houses and dwellings from 1949-1990 are the base category. 27 About 2% of the households in the sample have renovated their heating within the last 5 years.
heating technologies chosen. Higher income households tend to use gas heating, and avoid solid, oil and "oil and solid" heatings. Household size remains a relevant factor, confirming especially the positive association between household size and the multiple heating modes (M.E. "oil and solid" 0.006; "gas and solid" 0.005). The likelihood of using a gas heating grows with the education level, and, intuitively, the opposite effect is observed for the solid and electric category as before (Table 6) . A dummy indicating the ownership status has been added -in line with other studies using a full sample (see e.g. Vaage (2000)). Owning the dwelling positively affects, ceteris paribus, the probability for an oil system (M.E. 0.025) and for each auxiliary heating category. Being a home owner lowers the likelihood for a district heating by 0.045. A result which can be explained by the fact that renters are often living in multi-unit blocks relying on district heating. The usage of multiple heating systems is an interesting phenomenon, it enables households to flexibly switch or complement heating types whenever relative fuel prices are favorable for either (Reilly and Shankle, 1988) . Wood or coal stoves can serve as a sufficient heating option in moderately cold times or as a supplementary heating for unusually cold times. They are typically easier to install for owners than for renters who need the landlord's approval. The evidence supports this: the combination of oil and solid heating is 4.183 times more likely than gas heating only. A self-owned dwelling is even 4.783 times more likely to be heated by a gas-solid combination than by gas only (relative risk ratios in Table 5 ). The east-west divide is more distinct than for the sample including both owner types. The probability for an oil heating is negatively related to living in east Germany, this effect is remarkably stronger for the full sample (-0.164 compared to -0.047, see Tables 3 and 6 ). Living in east Germany significantly increases the likelihood for a district heating. The high tendency for district heating among renters is shaping the strong marginal effect of East on the likelihood for gas evident in the full sample. It reflects the intensive support of the GDR for district heating network. A "dislike" for electric is apparent; the influence of East is reported as significantly negative (M.E. -0.016). The effect of rural location is in line with prior results. 28 The tests for recombination of categories and the Hausman test do not provide any conflicting evidence with our approach chosen. The Wald test reports significance for all variables include. One exception is Row which is significant, but only at the 10% level (Row χ 2 (6)=11.605).
The evidence from the different samples provides remarkable insights. First of all socio-economic variables, in particular income, exert comparable effects irrespective of the ownership status. Younger buildings are a strong determinant of the type of heating -this may reflect that this type is subject to stricter regulation of newly to be erected buildings which is especially relevant for apartment buildings. The regional effect is likewise more pronounced -the east-west divide is more notable when a sample with renters and owners of flat is considered. The empirical evidence from this study has established no major conflicting evidence between the two household groups. The argument stating that owners are per se different as they can decide on their heatings system and have higher incentives to retrofit their systems may be relevant, but the results from this study are not able support this claim.
Conclusions
Recent fuel price changes have renewed and intensified the interest for energy issues. Energy also poses social questions; price changes, disruptions of supply as in the UkraineRussia gas dispute at the beginning of 2009 or fuel poverty adversely affect a society. To understand energy behavior and to identify population groups most likely to be hurt, empirical analyses at the micro-level are important. The present study fills an important research gap by analyzing the heating technology applied by German households. It is motivated by the fact that the space heating technology is a crucial and especially long-lived determinant of residential energy consumption. Therefore deeper understanding of factors determining the type of space heating technology is required. In order to explore how and to which extent household, regional or building characteristics influence the likelihood for a certain heating type a multinomial logit approach is chosen. The article is the first to present evidence on the question if the influence of such characteristics varies between the full population or the group of house owners only. It sheds light on an relevant argument raised before -that renters are unable or face low incentives to install an appliance which is essentially fixed to the dwelling over its lifespan of 20 years (Baker and Blundell, 1991) .
29
A comparison of the empirical evidence established highly similar influences of socioeconomic factors on the heating technology between the sample of owners and the sample with all households. Differences exist, however, with regard to the the other set of factors.
The construction period of a dwelling and location in east Germany exerts a far stronger 29 A similar argument is put forth with respect to renters' low incentives to invest in energy conservation technologies. The inability of appropriate benefits of such investment vis-a vis the landlord is a major disincentive in this respect (see e.g. Scott (1997) impact than found with house owners. Remarkably, the direction of effects remains the same across the two samples. Hence no conflicting insights are derived from both samples; these population groups appear to be characterized by similar behavior or attitudes with regard to space heating. The study identifies a shift in space heating from oil-fired to gas-fired appliances, an effect prominently associated with newly erected buildings. The inclination for gas is a first step to lower carbon dioxide emissions of the residential sector as the emission factor of gas is lower than for oil products.
30 This group of gas consumers, often located in east Germany, is yet likely to be most the vulnerable to supply disruptions. The shift for gas is certainly not sufficient to attain the ambitious EU or German targets. Increasing the proportion of renewable heat in the residential sector is an important cornerstone within these strategies. One can observe certain household types to have a preference for dual heating modes, also including wood-fired systems. Building on their apparent preference for solid fuel systems, it can be a realistic strategy to specifically address these households and offer incentives for a change to, for example, wood pellet systems. Differences between income groups do not exert a strong impact on which type of heating technology applied. The small role of income provides no insights which income group should be specifically targeted with monetary incentives like investment grants. In addition, a persistence of preferences for certain heating modes prevails at the regional level. For east Germany selected heating modes are found to still reflect the patterns induced by GDR policies. As a consequence, policies for reducing energy consumption or changing carbon dioxide emissions should be more tailored to the heterogeneity of households. Large differences between urban and rural, and in particular between east and west Germany, prevail. Germany is a federal country, thus delegating the effective design and implementation of policies and instruments to the federal states, the Laender, can be a meaningful strategy. The local level is more suited to carefully account for the specific situation and likely to be more successful to attain the ambitious targets necessary for a sustainable energy future. M.E.
M.E.
M.E. Likelihood ratio test for null hypothesis that all coefficients across all models are simultaneously zero.
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